DOLOMITE DEPOSIT NEAR SLOAN, NEVADA

By CHARLES DEISS
ABSTRACT
The dolomite deposit near Sloan, Clark County, Nev., is 19 miles southwest of Las Vegas. The deposit and surrounding area were studied and mapped by the U. S. Geological Survey in 1943 and 1944 to obtain dependable information concerning the stratigraphy and geologic structure of Sloan Hill, to make an accurate map on which the position of drill holes could be located, and to determine the grade and tonnage of the dolomite deposit.
Six rock units are exposed in the map area. The oldest, the Valentine dolomite, and the overlying Crystal Pass limestone are members of the Sultan limestone of Devonian age as described in the Goodsprings quadrangle. The Crystal Pass limestone member is 190 feet thick near Sloan. The Mississippian Monte Cristo dolomite, composed of the Dawn, Anchor, and Bullion members, overlies the Sultan. Dolomite of the Dawn member, which is 175 feet thick, was used by the Bureau of Mines in the pilot plant at Boulder City, Nev. The Anchor member, 75 feet thick, rests on the Dawn and contains 15 to 20 percent chert. The Bullion member overlies the Anchor and is 445 feet thick. The Bird Spring formation of Pennsylvania!! age rests on the Monte Cristo dolomite northwest of Sloan Hill. A remnant of a flow of olivine basalt is the only igneous rock within the map area.
Sloan Hill is a fault block (horst) tilted gently to the north between two graben and bounded on three sides by high-angle normal faults that dip away from the hill. Two periods of deformation are indicated, an early period of compression when overthrusts and underthrusts were produced and a later period of tension when normal faults occurred. The normal faults can be grouped into two systems. The first system strikes N. 25M8 0 W., subparallel or slightly oblique to the axis of Sloan Hill. The second system consists of short normal faults that strike approximately west. The faults in both systems dip 70°-88° to the southwest or northeast and are marked by conspicuous breccia zones 2 to 65 feet thick.
The dolomite in Sloan Hill is probably a replacement deposit formed early in Tertiary time when deep-seated igneous rocks were intruded in southern Nevada. The dolomites were originally limestones and magnesian limestones replaced by ascending magmatic solutions that derived part of their magnesia from the magma and part from the Goodsprings dolomite of Upper Cambrian to Devonian (?) age.
The Bullion member of the Monte Cristo dolomite in the upper part of Sloan Hill is readily accessible for mining by open-pit methods. At least 45,000,000 107 tons of high-grade dolomite is indicated. North and south of the block of indicated ore are two additional blocks of the Bullion that contain 22,000,000 tons of inferred ore. Thus the total indicated and inferred ore in the Bullion available to open-pit mining is 67,000,000 tons, to which 3,000,000 tons of Dawn member may be added, giving a grand total of 70;000,000 tons. Analysis of diamond-drill cores would be. necessary to establish accurately the quality of the dolomite at depth.
The Anchor member, although a high-grade dolomite in Sloan Hill, contains so much chert that the rock is worthless as a commercial source of magnesium. The presence of the Anchor will prevent large-scale open-pit mining of the underlying ' Dawn member. From 1929 to 1943 , inclusive, the United States Lime Products Corp. mined approximately 1,693,340 tons of rock, of which the Crystal Pass limestone member of the Sultan limestone constituted 93 percent and the Dawn member of the Monte Cristo dolomite 7 percent. The Bullion member of the Monte Cristo has not been mined at Sloan Hill.
INTRODUCTION
LOCATION OF DEPOSIT
The dolomite deposit described in this report constitutes the upper part of the nearby isolated hill, herein called Sloan Hill, that rises approximately 900 feet above the railroad at Sloan, Nev. (fig. 14) . Sloan, a small industrial town on the Los Angeles & Salt Lake Railroad (Union Pacific), is 19.2 miles by rail southwest of Las Vegas and 21.8 miles from the plant of Basic Magnesium, Inc. Sloan is also served by a graveled road l l /2 miles long that joins paved U. S. Highway 91 approximately 17 miles southwest of Las Vegas. An unimproved 
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desert road connects the highway with the low pass on the east side of Sloan Hill.
The dolomite deposit is in the southwestern part of Clark County, Nev., and in the northeastern part of the Ivanpah quadrangle; it lies in the eastern part of the Mohave Desert. The principal part of the deposit is 3,200 to 3,700 feet above sea level, in the NE^4 sec. 13, T. 23 S., R. 60 E. The area mapped (pi. 13) is in the SV6SE*4 sec. 12 and the NEV4 sec. 13, T. 23 S., R. 60 E., and in the SW^SW1 /* sec. 7, the W/2 and NW^NWV* sec. 18, and the NV6NWV4NWV4 sec. 19, T. 23 S., R. 61 E., Mount Diablo meridian.
The deposit near Sloan was studied intensively by the U. S. Geological Survey because preliminary examination, indicated a large reserve of seemingly high-grade dolomite that might be mined and converted into magnesium oxide (MgO) for plant feed at Basic Magnesium, Inc. The objectives of the study were to obtain accurate data relating to the geologic structure, stratigraphy, and geologic history of the Sloan area in order to make an accurate map on which the position of drill holes could be located; to obtain dependable information concerning the boundaries of the most promising block of dolomite on Sloan Hill for commercial development; to determine the lithologic characteristics and chemical composition of the dolomite; and to assemble data that might suggest the origin of the dolomite. All this information was needed to obtain reliable estimates qf the grade and tonnage of the deposit.
FIELD WORK
The dolomite and limestone near Sloan were examined briefly by B. N. Moore (Hewett et al,, 1936, pp. 163-164) as part of the exploratory survey of the mineral resources of the region around Boulder Dam. The deposit was examined, also, by J. Gordon Cole and R. G. Greene (1941, pp. 1-2) for the Union Pacific Railroad Co. in 1941 and by the Bureau of Mines (Weitz, 1942 (Weitz, , p. 73) in 1942 . The dolomites in the Sloan district were examined by the writer early in March 1943 as part of a reconnaissance examination of the dolomite depoaits of southern Nevada that might be used as magnesium ore. At that time the Sloan deposit was chosen as the most favorable one in the southwestern part of the United States for additional study and development. The deposit and the contiguous upper part of Sloan Hill were mapped during the period April 5 to May 25, 1943 , on a scale of 1:2,400 and with a contour interval of 20 feet. The region between Sloan Hill and the railroad was mapped during the period February 7 to April 22, 1944. ACKNOWLEDGMENTS R. H. Black and G. E. Ericksen assisted the writer in mapping in 1943. Ericksen assisted, also, with the preliminary field examination in March 1943 and in making chemical tests on the samples after the field work was completed. He was the field assistant in 1944 and also drafted the index map ( fig. 14) , the geologic map (pi. 13), and the structure sections (pi. 14). R. E. Tremoureux, President, United States Lime Products Corp., made available the information concerning production, history of development, and products manufactured at Sloan. L. N. Grindell, superintendent of the corporation's Sloan plant, made available its map of the property and the assays made for the company. Grindell also furnished the powder and the services of two men to obtain a 300-pound sample of dolomite (Bullion) and gave his time during the field work. H. C. Lee, Assistant Superintendent, Technical Service Department, Basic Magnesium, Inc., arranged for the preparation and analysis of the 300-pound sample of dolomite and made a number of useful suggestions. R. G. Greene and J. G. Cole, geologists of the Union Pacific Railroad Co., assisted the writer in the field during the preliminary examination in 1943 and furnished copies of their reports on the deposit. J. P. Mack, Engineer, Maintenance of Way, Union Pacific Railroad Co., furnished a map and profile section of the railroad near Sloan. Eugene Callaghan made a number of useful suggestions in the'field and in connection with the report. To these persons and others the writer offers his thanks.
STRATIGRAPHY
GENEBAL FEATUBES
The sedimentary rocks near Sloan, as indicated on the geologic map (pi. 13), are Devonian and Carboniferous in age and were named and described by Hewett (1931) for their occurrence in the Goodsprings quadrangle, 20 miles west of Sloan. Hewett divided the Sultan limestone (Devonian) into three members; they are, from oldest to youngest, the Ironside dolomite, Valentine limestone, and Crystal Pass limestone members. The Ironside dolomite member is not exposed near Sloan, but is indicated in several of the structure sections (pi. 14). Hewett (1931, pp. 17-21) divided the Monte Cristo limestone (Mississippian) of the Goodsprings quadrangle into five-members: the Dawn limestone, Anchor limestone, Bullion dolomite, Arrowhead limestone, -and Yellowpine limestone members. The Arrowhead and Yellowpine limestone members are not lithologically separable from the Bullion member in the Sloan district because all are dolomitized. The name "Bullion" is therefore retained for the unit, and the name "Dawn member" is used in this area for the equivalent of Hewett's (1931, pp. 17-21 (Hewett, 1931, pp. 21-30) .
Most of the dolomites were probably deposited as limestone and magnesian limestone. Dolomitization obscured and in places obliterated the boundaries of the original formations. Consequently, the cartographic units on the map (pi. 13) may partly represent replaced areas instead of original stratigraphic formations. All the rocks mapped as the Crystal Pass limestone member of the Sultan limestone (pi. 15) may not be Devonian in age and may not be precise time equivalents of the rocks assigned by Hewett (1931, p. 15) to the Crystal Pass limestone member in the Goodsprings quadrangle.
DESCRIPTION OF FORMATIONS
SULTAN LIMESTONE
VALENTINE DOLOMITE MEMBER
The oldest rocks exposed in the Sloan map area (pi. 13) are dullgray, finely to medium crystalline, thick-and thin-bedded, unfossiliferous dolomites and limestones that weather reddish tan. These rocks, the Valentine dolomite member, are equivalent to the Valentine limestone member of the Sultan limestone (Hewett, 1931, pp. 14-15) in the Goodsprings quadrangle. The Valentine member is exposed along the southwest side of Sloan Hill (pi. 15/4), where it is overlain by the Crystal Pass limestone member. Much of the Valentine in the Sloan map area is dolomite, but part of the formation is pale-gray, nearly lithographic limestone that contains irregular thin bands, spots, and stringers of reddish-weathering dolomite. Some of the upper beds contain lenses of calcareous sandstone and arenaceous limestone. Palegreen, medium-grained sandstone interbedded with 1-inch beds of green and maroon fissile shale and thicker beds of calcareous mudstone also are present locally. The lithologic characteristics of the part of the Valentine exposed in the Sloan area are described in the stratigraphic section (pp. 125-127) .
When the stratigraphic section of the 'Valentine member was measured, 11 rock specimens were collected, one from each lithologic type of carbonate rock. The 11 rock specimens were combined to form one sample, which was analyzed by Esther Claffy in the Chemical Laboratory of the Geological Survey in Washington, D. C. CaC03 was calculated, 
CRYSTAL PASS LIMESTONE MEMBER
The Crystal Pass limestone member of the Sultan limestone is best exposed along the southwest and west sides of the hill (pis. 15A, 15C), where it is being quarried by the United States Lime Products Corp. The member is 160 to 190 feet thick in the map area and is composed of pale blue-gray, thick-and thin-bedded, generally lithographic or finely crystalline limestone. The upper beds are separated by 1-to 10-millimeter laminae of calcareous shale. A unit 1 to 10 feet thick of pale-green and maroon shale interbedded with lenticular beds of limestone and dolomitic mudstone is well exposed in two of the quarry faces, 10 to 30 feet below the top of the member. Two other shale units, 8 to 14 inches thick, occur in the upper middle part of the member. The limestone weathers pale gray in contrast to the buff tan of the overlying Dawn member of the Monte Cristo dolomite and the reddish tan of the underlying Valentine dolomite member of the Sultan.
The Crystal Pass limestone member contains less dolomite than any other unit in the Sloan district. The contact of the Crystal Pass and Valentine members is not well exposed. The contact of the Monte Cristo and Sultan formations, 'however, is well exposed in the quarry walls but is irregular because of irregular dolomitization. The pale-gray color, the purity of the limestone, and the extreme fineness of grain readily distinguish the Crystal Pass from the other units in the Sloan district. The stratigraphic section of the Crystal Pass measured south of quarry 1 (pi. 15/4); is given on pages 124-125.
The chemical composition of the undolomitized part of the Crystal Pass limestone member of the Sultan limestone at Sloan is indicated by the following analysis, taken from the report of Tremoureux (1932, p. Hewett (1931, p. 17) to be 60 to 400 feet thick. In the Sloan district the Dawn member is approximately 175 feet thick and consists of two lithologic units. The lower unit, which comprises four-fifths of the formation, is dull faint chocolate gray, tan gray, light gray, or white; it consists of a medium to coarsely crystalline, thick-bedded dolomite that contains irregular solution cavities 1 to 10 millimeters and occasionally as much as 35 millimeters in diameter. The cavities are lined with white amorphous calcite. The few cherty nodules that weather tan gray in the Dawn member are confined to several feet of thickness 60 feet below the top of the lower unit. The upper unit consists of thinner-bedded (2 to 18 inches), tan-buff, medium crystalline dolomite, which in many places forms a small bench above the cliffs of the lower unit. The upper unit is so similar in composition to the dolomite in the overlying Anchor member that the contact of the Anchor and Dawn was drawn arbitrarily at the base of the lowest bed containing chert. The Dawn member weathers drab tan buff in contrast to the pale buff of the Bullion member. Weathered surfaces of the Dawn, like those of the Bullion, exhibit many pits and sharp points (pi. 16#).
Detailed 
ANCHOR MEMBER
In the mapped area the 65 to 75 feet of rock above the Dawn member is assigned to the Anchor member of the Monte Cristo dolomite (pi. 15C). It is composed of a dense, hard, finely and medium crystalline dolomite that is generally thin-bedded (2 to 18 inches), buff and pale gray in color, and characterized by flattened ovoid nodules of gray and tan chert arranged in irregular layers. The nodules range in length from half an inch to 7 inches and average 4 inches in thickness. The chert constitutes 40 to 60 percent of some beds and possibly 15 to 20 percent of the formation. Lenticular beds and irregular masses of limestone as much as 35 feet thick are present in some places (pi. 13). The Anchor member forms prominent steep slopes between the Bullion and Dawn members (pi. 16/4) and contains a few poorly preserved specimens of Spirifer sp., fenestrellinid bryozoans, and zaphrentid corals. The Anchor member near Sloan resembles the Anchor limestone member of the Goodsprings quadrangle in the presence of abundant chert nodules, similar stratigraphic position, and similarity of the fossils. The Anchor near Sloan, however,.is predominantly dolomitized. The following analyses were made of three chip-samples taken from the dolomite matrix of the Anchor member of the Monte Cristo dolomite, exclusive of the chert and limestone. The chips were taken 4 to 7 feet stratigraphically apart across the entire thickness of the Anchor on the southwest side of Sloan Hill. The traverse lines along which the chips were collected were approximately 500 feet from one another. The analyses were made by Esther Claffy in the Chemical Laboratory of the U. S. Geological Survey, Washington, D. C. The excessive amount of chert in the Anchor member makes the rock useless as a commercial source of magnesium, and the presence of this member will prevent large-scale quarrying of the underlying Dawn member by open-pit methods.
BULLION MEMBER
The youngest Mississippian rocks in the Sloan district lie between the Anchor member of the Monte Cristo dolomite and the Pennsylvanian Bird Spring formation and are included with the Bullion member of the Monte Cristo dolomite (pis. 13, 15C). The upper part of this unit in Sloan Hill is thought to be equivalent to the Arrowhead and Yellowpine limestone members of the Monte Cristo limestone in the Goodsprings quadrangle because of the presence in one horizon of individuals of a large zaphrentid coral associated with large gastropods. The Arrowhead and Yellowpine limestone members, however, because of dolomitization are not lithologically recognizable and are therefore included with the Bullion. Moreover, most of these rocks near Sloan are probably correlative with Hewett's (1931, p. 18 ) Bullion dolomite member of the Monte Cristo limestone.
The Bullion member in Sloan Hill is 445 feet thick (pp. 121-122), is almost completely exposed (pis. 15/4, 15C), and contains the most promising dolomite in southern Nevada for mining by open-pit methods.
The dolomite in the Bullion member is also the only dolomite near Sloan exposed in a large enough block to be mined on a large scale by power shovels (pis. 15.4, 15C).
The lower 325 to 350 feet of trie Bullion member on Sloan Hill Consists of coarsely crystalline, thick-bedded, massive dolomite that is pale gray, cream gray, and white and contains many irregular solution cavities 1 to 5 millimeters in diameter, Several irregular zones are stained pink or pink gray. The dolomite is much jointed and weathers to angular tan-buff blocks (pi. 16^1) whose surfaces cons4st of irregular sharp points and pits (pi. 1SB). Finely banded secondary dolomite and calcite were deposited in some o£ trie joint fissures, chert is rare or absent except in the basal 3 to 10 feet of the formation, where irregular nodules and masses of tan and gray chert are present. The basal cherty bed of the Bullion is useless as a commercial source of magnesium and was mapped with the underlying Anchor member (pi. 13).
The upper 75 to 100 feet of the Bullion member is generally thinnerbedded and contains more' numerous veins of secondary calcite along joint surfaces and bedding planes. A number of lenticular beds of gray, siliceous, dolomitic limestone are irregularly intercalated with the dolomite. The siliceous beds are covered with desert varnish (Laudermilk, 1931, pp. 51-66) 
BIRD SPRING FORMATION
The youngest indurated sedimentary rocks in the Sloan map area are interbedded limestones, dolomites, shales, and sandstones that are.the stratigraphic equivalent of the Bird Spring formation in the Goodsprings quadrangle (Hewett, 1931, pp. 21-23) . Only the lower 100 to 125 feet of the formation was mapped in the Sloan district, but the lower 350 feet of the formation was measured (pp. 119-120). Hewett (1931, p. 21) states that the Bird Spring formation is 2,500 feet thick in the Goodsprings quadrangle. Near Sloan the lower part of the Bird Spring formation consists of bright-buff limestone in some places, dull-gray, finely crystalline, thick-and thin-bedded limestone in others, and maroon, dolomitic, arenaceous mudstone or shale in still other places. The contact with the underlying Bullion member of the Monte Cristo dolomite is irregular and poorly defined because the basal limestone of the Bird Spring formation is locally dolomitized. The stratigraphy is complicated further by isolated undolomitized limestone masses in the upper part of the Bullion member of the Monte Cristo dolomite and by dolomite breccia along its contact with the overlying Bird Spring formation.
The most striking characteristic of the Bird Spring formation in the Sloan area is its prominent banded appearance in cliffs (pi. 17/4), in which it is usually darker-colored than the underlying Bullion member of the Monte Cristo dolomite. The beds are alternately dark gray and tan; gray is dominant. The characteristic banded appearance readily distinguishes the Bird Spring formation from the underlying unbanded Mississippian rocks, which are uniformly buff in color. The Bird Spring formation covers the Bullion member of the Monte Cristo dolomite only in the hills northwest of the Sloan deposit (pi. 11 A) and therefore will not affect the mining of the dolomite (pi. 13).
STEATIGEAPHIC SECTION OF FORMATIONS EXPOSED ON SLOAN HILL
The following stratigraphic section was measured in three parts. The Valentine dolomite and Crystal Pass limestone members of the Sultan limestone were measured south of quarry 1 (pis. 13, 15^), the Dawn and Anchor members of the Monte Cristo dolomite above quarry 7 (pi. 15C), and the Bullion member of the Monte Cristo dolomite and the Bird Spring formation northwest of quarry 7 (pi. 15C) and along the crest of the hill (pi. 17/4). The three parts of the section were tied U1 t)y tracing the Contacts between the Z>awn ana the Crystal Pass and between the Anchor and the Bullion. Because these COIltaCtS may vary as much as 15 feet stratigraphically between the traverse lines of the measured Section, some error may be present in the total thickness. The location of the traverse line of each part of the measured section is given in the text.
The first part of the section, including the Bullion member of the Monte Cristo dolomite and the lower part of the Bird Spring formation, was measured from an altitude of 3,180 feet upward on the southwest side of Sloan Hill (pi. 15C) to the crest of the main northwest ridge, thence northwest along the ridge to the top of the highest peak (altitude, 3,370 feet) of the Bird Spring formation (pi. 17/1). The section traverse line is in the EV^SWVi sec. 12. The second part of the section, including the Anchor and Dawn members of the Monte Cristo dolomite, was measured from the top of the Sultan limestone above quarry 7 (pi. 15C), from an altitude of 3,220 feet up the hill northeastward to an altitude of 3,460 feet at the base of the Bullion member of the Monte Cristo dolomite. This part of the section was measured in the NV^SW^NE 1 /^ and the sec. 13 (pi. 13). The third part of the section, including the Valentine dolomite and Crystal Pass limestone members of the Sultan limestone, was measured southeast of quarry 1 (pi. 15/4), on the southeast side of Sloan Hill in the NV6SEV4SEV4'and the SV4NEV4SEV4 sec. 13 (pi. 13). The line of the section traverse extends north from the lowest exposed beds of the Valentine, at an altitude of 2,900 feet in the small gully near the end of the railroad spur, up the hill to the contact of the Dawn and Crystal Pass near the upper edge of the quarry wall at an altitude of 3,260 feet. The strata in the section are broken by several small normal faults, but as the rocks are well exposed and the same beds can be recognized on both sides of the fault planes, probably no parts of the section are omitted or duplicated. The only igneous rock exposed in the Sloan map area is the erosional remnant of a basalt flow at the south end of the area (pi. 13; pi. 14, sections E-E', F-F', H-H'}. The igneous mass, approximately 1,500 feet in diameter, is irregularly circular in outline and is eroded into a low rounded hill (pi. 15#). The basalt was extruded in middle or late Miocene time after Sloan Hill was maturely eroded and long after dolomitization was completed.
In the field, the flow appears to consist of several types of extrusive rocks that range from gray black to maroon in color and from basaltic to andesitic in composition. Much of the rock is finely crystalline and dense, but some local areas are porphyritic and others are scoriaceous. Thin sections of specimens taken from different parts of the flow, however, indicate that the rock is a fairly uniform olivine basalt, of which parts are strongly vesicular and other parts are. much altered.
The following petrographic descriptions of specimens from four widely separated parts of the igneous mass are taken from an unpublished report by R. L. Smith, who studied the rocks in the laboratory of the U. S. Geological Survey in Washington, D. C. Specimen 1 was taken from the northern part of the mass at an altitude of 2,900 feet (pi. 13). Specimen 2, described in the field as "red scoria," was taken from the northeastern part of the mass at an altitude of 2,928 feet. Specimen 3 was collected in the railroad cut near the southwest edge of the igneous mass, and specimen 4 came from a small dikelike mass within and near the southeast corner of the flow at an altitude of 2,840 feet. Smith says:
Specimen no. 1 consists of olivine, pigeonite, and calcic-andesine, with small amounts of interstitial alkalic feldspar,, biotite, and magnetite. The olivine and pigeonite occur both in phenocrysts and in the groundmass. It seems likely, however, that they represent only one generation, as the crystals of both the olivine and the pigeonite are gradational in size from the phenocrysts to the groundmass material. All of the olivine crystals are partially altered to iddingsite. Flow structure is pronounced.
Specimen no. 2 is a highly altered vesicular rock composed of phenocrysts of iddingsite after olivine in a groundmass of clino-pyroxene and calcic-plagioclase. The original composition of this rock was probably similar to no. 1. The secondary minerals include calcite and a clay mineral (possibly saponite), which occur as linings and fillings in th& vesicles, and iron oxide, which impregnates the entire rock and has no doubt been derived by the oxidation of the ferromagnesian minerals.
Specimen no. 3 is a very coarse-grained porphyritic rock containing large phenocrysts of zoned plagioclase (labradorite cores and calcic-andesine rims), augite, and iddingsite after olivine, in a coarsely crystalline groundmass of calcicandesine and augite. Small amounts of magnetite and hornblende are also present in the groundmass. This rock contains a number of vesicles that are filled usually with calcite and sometimes with a clay mineral (possibly saponite) or with mixtures of both. In composition this rock could be an olivine basalt, and if it is truly a flow rock there seems no alternative but to call it an olivine basalt. It is extremely coarse-textured for a normal basaltic rock; even the groundmass material is unusually coarse for a normal basaltic texture.
Specimen no. 4 is composed of phenocrysts of olivine in a groundmass of olivine, pigeonite, and labradorite. The olivine phenocrysts all have a pronounced iddingsite rim with an unaltered olivine interior. The groundmass olivine has gone over entirely to iddingsite. This rock is quite similar in texture and general appearance to no. 1.
GEOLOGIC STRUCTURE
GENERAL FEATURES
Sloan Hill (01. 15) is a fault block tilted gently to the north and bounded on the southwest, southeast, and northeast sides by high-angle faults that dip away from the hill (pl. 13). It therefore has the structure Of a hoist and probably lies between two graben. The beds exhibit a wide range of dip in many of the fault blocks on the sides of the hill; they dip 5°-3 3° N. in the northern crest of the hill, and they are approximately horizontal in the central part of the hm. Most, of the faults'are in the southwest, south, and southeast sides of the hill (pl. 14).
The present relief of Sloan Hill is due to displacement on these faults, The rocks are most disturbed in the southern half of the map area, where the beds were broken and repeated by small thrust faults (pis. 18,4, 185) .
Two periods of deformation are indicated by the faulting: an early period (Eocene?) of compression when the low-angle thrusts were produced and a later period (Miocene?) of tension when the normal faults developed. These two periods were probably contemporaneous with the formation of the overthrusts and the "early normal faults" (Hewett, 1931, pp. 54, 55, 60) in the Goodsprings quadrangle, but the geologic age of the faults in the Sloan area can only be inferred.
THBUST FAULTS
Nine overthrust faults were found in the southern and southeastern parts of Sloan Hill. The most conspicuous one is near the intersection of sections E-E' and H-H' on plate 13, near the south edge of the map area. A plate of the Bullion member of the Monte Cristo dolomite was thrust northwestward over the Anchor member along this thrust, which dips to the southwest and is nearly parallel with the bedding (pi. 14, middle part of section F-F', left edge of section H-H'). Both members were intensely brecciated, and the thrust was broken by westwarddipping high-angle normal faults.
On the crest of the south end of the hill, 350 to 550 feet southeast of section D-D', plate 13, the Anchor and Bullion members were thrust southward over the Bullion along an overthrust that dips to the northwest. The Dawn member was thrust eastward over the Anchor member along another fault that dips gently to the northwest, 20 to 280 feet southeast of section D-D', plate 13, southeast of the hill crest. On the northeast side of the hill, 430 to 730 feet southeast of section C-C, plate 13, the Dawn was thrust west over the Anchor along an eastwarddipping thrust fault.
The amount of movement on the overthrusts in the Sloan area is unknown but appears to have been as little as 10 and as much as 150 feet. The faults died out northward. The dolomite and limestone were dragged into folds (pi. 185) but were much less brecciated by the overthrusts than by the normal faults (pi. 175), the only large breccia zone on a thrust fault being the one on the low-angle thrust in the southern part of the map area (pi. 14,
sections E-E', H-H').
In the faces of quarries 3 and 4, several thrusts are exposed. They die out rapidly or merge with the bedding planes. Because most of these thrusts are exposed only in steep cliffs (pi. 185) and are within one formation, their displacement cannot be shown on the map (pi. 13).
NOBMAL FAULTS
Normal faults are numerous and conspicuous in the Sloan area and, like the thrusts, are more numerous on the sides than in the upper part of Sloan Hill (pi. 13). In contrast with the thrusts, many of the normal faults are marked by conspicuous breccia zones 2 to 65 feet thick. The breccia zones are thickest and most numerous in the massive dolomites of the Bullion (pi. 175) and the Dawn members of the Monte Cristo dolomite.
The normal faults are separable into two loosely defined systems. The first system contains all the largest and most conspicuous normal faults in the map area. They strike N. 25°-48°W., subparallel or oblique to the axis of Sloan Hill, and may be divided into two sets: those which dip to the southwest and those which dip to the northeast. The angle of dip in both sets is 70°-88°. Many of the faults are convex toward the upthrown side, the inside of the curve or bow being the downthrown block. The second system of normal faults consists of a few short, nearly vertical faults that strike approximately west.
The most noteworthy features of the normal faults are (1) their short length, (2) . the abruptness with which they end, (3) their distribution around the sides of the hill, and (4) the strong brecciation of their hanging walls. The movement along the two sides of the horst block seemingly took place along a number of parallel distributive normal faults, which do not merge as wedges (pi. 14, east side of section G-G'). Many seem to resemble the faults in Cloos' experiments with wet clay (Balk, 1937, pp. 29-30, pis. 12-14) and dip into the graben from the two sides of the horst, thus "distributing the total displacement over wide areas." If this interpretation is correct, the traces of the major normal faults that bound the horst block between the graben on the northeast and southwest are probably covered with the wash in the valleys.
GEOLOGIC HISTORY OF SLOAN AREA
The geologic history of the Sloan area is typical of that of all southern Nevada but is less complex because all the events of the region are not recorded in the Sloan area. The sequence of events in the geologic history includes (1) a long period of marine sedimentation; (2) temporary elevation above sea level followed by renewed deposition; (3) a second, longer period of elevation followed by deposition and VOlcanism; (4) igneous intrusion, dolomitizationj folding, faulting, and mountain building; (5) erosion; (6) reelevation accompanied by normal faulting and extrusion of igneous rocks; and (7) The region was temporarily elevated above sea level early in the Permian but sank later in the period. The sandstones, shales, and gypsum of the Supai formation of Hewett (1931, p. 30) were deposited during the Permian. Many of these rocks were laid down on land by wind and in lakes and streams by fresh water. Toward the close of the period, when marine waters again covered southern Nevada, the limy sediments that formed the Kaibab limestone (Darton, 1910, pp. 21, 28, 32) were deposited in this sea.
Southern Nevada was reelevated for a longer time after the close of the Permian but sank again during the Triassic period, at which time a thick series of red sands, muds, thin limestones, and gravels was deposited. Some of these sediments were deposited in shallow, oscillating seas, and others were laid down on land and in lakes by wind and fresh water. During the early part of this cycle of deposition (Triassic and Jurassic?) explosive volcanoes northwest of Sloan ejected ash and tuff, some of which fell in the Goodsprings quadrangle (Hewett, 1931, p. 32) just west of the Sloan area.
Late in the Cretaceous period, and probably during much of the Eocene epoch, the rocks were folded and broken by thrust faults, and the region was elevated to mountainous heights. This period of deformation constitutes the first stage in the structural history of Sloan Hill. Igneous rocks were intruded at this time in southern Nevada, but the magmas did not reach the earth's surface in the Sloan area. Dolomitization of the original limestones probably started early in the period but may not have been completed until after this stage of mountain building was finished.
Erosion was active during the Oligocene epoch and the earlier part of the Miocene, following the period of deformation. The debris of the eroded Mesozoic and upper Paleozoic rocks was removed from Sloan Hill: and transported to the surrounding basins, where the detritus accumulated. In the Sloan area these Oligocene and lower Miocene sediments are covered by post-Pliocene debris from Sloan Hill and the surrounding mountains.
The mountains were uplifted a second time in the Miocene, when most of the normal faults in Sloan Hill probably were produced (pi. 14, all sections). Fine-to medium-grained igneous rocks were extruded late in the Miocene after the normal faults were developed and while erosion of the then reelevated mountains was in progress. The olivine basalt (pi. 155) in the southwestern part of the map area (pi. 13) is the erosional remnant of a large flow that was probably extruded at this time. In the Pliocene or the Pleistocene epoch Sloan Hill and the surrounding mountains were elevated to their present positions. Doubtless some movement on the faults occurred then, but no direct evidence of such movement was recognized in the field.
Erosion of Sloan Hill and the surrounding hills has continued since the Pliocene. The debris has been spread out as giant alluvial cones and fans on the valley floors, and today the hills are partly buried in their own erosional products.
DOLOMITE DEPOSIT GENERAL FEATURES
The two main dolomite units at Sloan Hill are the Bullion and Dawn: members of the Monte Cristo dolomite, separated by the economically worthless Anchor member. The dolomite of the Dawn member has. been quarried by the United States Lime Products Corp. and was used by the U. S. Bureau of Mines in the pilot plant at Boulder City, Nev., The experimental work in the pilot plant demonstrated that in Sloan Hill this is an unusually high-grade dolomite that can be used commercially for producing 96-percent magnesium oxide (MgO). The presence of the chert in the Anchor member was not known, and the Bullion had not been sampled, when the experimental work was done.
The exposed part of the Dawn member is of little commercial value,, however, and the only rock unit that contains a large exposure of highgrade dolomite in Sloan Hill is the Bullion member; it is therefore theonly one that could be mined on a large scale with power shovels. Analyses of surface samples (p. 117) indicate that the lower 350 feet of the Bullion probably is uniformly high-grade dolomite, but analysis of diamond-drill cores will be necessary to determine accurately the composition of the dolomite at depth. The lithologic characteristics of the Bullion are summarized on pages 116-117 and are given in the stratigraphic section on pages 121-122.
OWNERSHIP
The Dawn member of the Monte Cristo dolomite above the quarries; on the southwest side of Sloan Hill and most of the Bullion member in the main deposit on the crest of the hill lie within mining claims controlled by the United States Lime Products Corp., 1840 East Twentyfifth Street, Los Angeles 11, Calif. The Dawn above the quarries is ia the Sloan claim; the Bullion most accessible for open-pit mining is in.
the Sloan, Sloan No. 3, Sloan No. 4, and Sloan No. 5 claims (pi, 13) ..
ORIGIN
The Origin Of the dolomite in the Dawn, Anchor, and Bullion members of the Monte Cristo dolomite in Sloan Hill is not known conclusively, but the evidence suggests replacement of an original limestone by upward diffusion of magnesia-bearing solutions. The Dawn and Bullion members are similar in composition to theoretical dolomite, containing 54.35 percent CaCOa and 45.65 percent MgCOs, and except for local undolomitized limestone masses are exceptionally uniform lithologically.
The Dawn and Bullion members are so uniform vertically and horizontally that evidence is not available to indicate the relationship of the faults to the paths of the ascending magnesia-bearing solutions. However, most of the fault breccias consist of sharply demarcated dolomite fragments and matrix, implying that dolomitization preceded faulting.
Locally the Crystal Pass limestone member of the Sultan limestone, which underlies the Monte Cristo dolomite, is irregularly. replaced by dolomite. The replacement was strongest along bedding and joint surfaces. Stringers of dolomite extend irregularly into the limestone. The only igneous rock exposed close to the dolomite near Sloan is the remnant of a basalt flow (pi. 13) that was extruded long after dolomitization occurred. The Valentine dolomite member of the Sultan limestone is not replaced as much along its contact with the flow as in places where it is faulted against the Dawn member of the Monte Cristo. Limestone masses, unreplaced parts of the original rock, occur also above the Crystal Pass limestone member of the Sultan along the contact of the Anchor and Dawn members and in the upper part of the Bullion member of the Monte Cristo. Their significance, however, is not understood.
From the Goodsprings quadrangle, 20 miles west of Sloan, to Tassai Ridge, Ariz., 60 miles to the east, and to Pioche, Nev., 150 miles to the northwest, a rock sequence of Upper Cambrian to Devonian (?) age contains thick units of dolomite, which probably represent original deposition of the double carbonate MgCOs. CaCOa. Many of the Upper Cambrian rocks in the southern part of the Cordilleran trough, throughout an area of 75,000 square miles, likewise consist of dolomite that was either an original sedimentary deposit or ,was limestone altered to dolomite shortly after deposition and while still covered with sea water. The Goodsprings dolomite, of Upper Cambrian to Devonian? age (Hewett, 1931, pp. 11-13) , 2,000 to 2,500 feet thick, crops out east and west of Sloan and is probably present under the exposed rocks in the Sloan district (pi. 14). The vast amount of sedimentary dolomite in the early Paleozoic rocks of southern Nevada may have furnished some of the magnesia that replaced the limestones and formed the dolomite in the Sloan deposit. Hewett (1931, pp. 57-67 ) made a comprehensive field and laboratory study of dolomitization in the Goodsprings quadrangle. In his summary of the problem he stated:
In the present state of knowledge of the Goodsprings district, as well as some similar districts, it seems that although magmatic sources and underlying dolomitic limestones, such as those of the Goodsprings formation, may have been the source of some of the magnesia now present in the dolomitized limestone, a more productive source was the shallow masses of intrusive porphyry.
Much of the evidence he cites is observable, also, in the Sloan district; therefore the causes and methods of replacement and the source of magnesia probably were similar in the two adjacent regions.
Deductions concerning the origin of the dolomite can be briefly summarized as follows: The dolomites in the Dawn, Anchor, and Bullion members of the Monte Cristo dolomite represent replacement of original limestone or magnesian limestone, which was completed before normal faulting took place. Consequently, dolomitization occurred early in the Tertiary period. Apparently the magnesia was carried by ascending magmatic solutions. Intrusive magmas probably furnished some magnesia, but the solutions may have acquired more magnesia while passing through the Goodsprings dolomite. The shales in the Bird Spring formation, being more impervious than the underlying limestones, probably caused the solutions to be concentrated in the limestones. Maximum replacement, therefore, occurred in the Mississippian limestone that lay in the zone of maximum saturation below the Bird Spring formation. If this conclusion is correct, the Crystal Pass limestone and Valentine dolomite members of the Sultan limestone were relatively little replaced by dolomite because the ascending magnesia-bearing solutions merely passed through them, and the Mississippian limestones were not replaced until the pressure and saturation of the solutions increased below the impervious shales of the Bird Spring formation. The cavities, especially in the Dawn and Bullion members of the Monte Cristo dolomite, seem to represent much later solution by ground water of calcite deposited with the dolomite (Hewett, 1931, p. 63) .
RESERVES
The Bullion member of the Monte Cristo dolomite contains all the dolomite in the deposit that can be quarried on a large scale by open-pit methods. The following estimates are based on nine geologic structure sections drawn from the map (pi. 13) and apply to the blocks of dolomite that are relatively free from faults, siliceous bands, and lenses of limestone. The Bullion member has not been core-drilled, so that the composition and quality of the dolomite below the surface are not known, but the deposit is assumed to be uniform throughout. The largest exposure of the Dawn member of the Monte Cristo accessible for quarrying is along the southwest side of Sloan Hill in and above the quarries of the United States Lime Products Corp. (pi. 15/4).
Indicated ore. The most favorable exposure of the Bullion member for open-pit mining is in the block bounded by the contact of the Bullion with the Anchor member of the Monte Cristo dolomite on the' west and east, by section C-C" (pis. 13, 14) on the south, and by a line 600 feet to the northwest and parallel with section B-B' (pi. 13) on the north. If the interpretation of the geology shown in the structure sections (pi. 14) is correct, this block of the Bullion contains at least 45,000,000 tons: The block of accessible dolomite of the Dawn member is approximately 1,000 feet long, 175 feet thick, and 200 feet wide and contains a little less than 3,000,000 tons.
Inferred ore. The Bullion member, from the block of indicated ore north to a line 200 feet south of the contact of the Bird Spring formation and the Bullion on the crest of Sloan Hill, and between sections C-C' and a line 500 feet to the northwest and parallel with section D-D' (pi. 18), contains at least 22,000,000 tons of additional ore. The dolomite north of the block of indicated ore contains numerous siliceous nodules, and occasional lenses and irregular masses of limestone in the upper beds, and south of the block it is faulted and thin. The facts suggest that much of these two parts of the Bullion member may not be suitable for commercial development.
Total reserves. If the 45,000,000 tons of indicated ore and the 22,000,000 additional tons of inferred ore in the Bullion member are added to the 3,000,000 tons of indicated ore in the Dawn member, the total indicated and inferred ore available for open-pit mining is 70,-000,000 tons.
DEVELOPMENT, PRODUCTION, AND MANUFACTURING AT SLOAN
The data presented in this brief summary of activities at Sloan were obtained from the publications cited, from R. E. Tremoureux, President, United States Lime Products Corp., San Francisco, Calif., and from L. N. Grindell, superintendent of the Sloan plant.. The production figures were taken from the corporation's records, which were made available to the writer through the courtesy of Mr. Tremoureux.
HISTORY OF DEVELOPMENT
The limestone deposit in the hill east of Sloan was located in 1910, and the first rock was quarried shortly thereafter. In 1914, a total of 1,160 tons was sold (Couch and Carpenter, 1943, p. 31) and used in the cyanide treatment of the gold and silver ores of the Goldfield and Tonopah districts. The quarries were, worked by the Nevada Lime and Rock Corp. from 1914 until 1927, when the name of the company was changed to the United States Lime Products Corp. Dolomite was not mined commercially until 1928; at that time three vertical kilns were installed to supply the demand for dolomitic hydrated lime (Tremoureux, 1932, p. 2) .
The limestone was quarried from the open face above the quarry floors from 1914 to 1945. During the years 1934 and 1935 the limestone near the southeast end of Sloan Hill was mined underground by the room-and-pillar method (R. E. Tremoureux, personal communication, May 20, 1944) . Until 1837 all rock in the quarries and underground was mined by hand and trammed by gravity to the plant or to the railroad. In 1937 a power shovel was put into operation at the quarry, the old hand tram cars were replaced by gasoline motor trucks, and a 24-by 36-inch primary jaw crusher and a screening plant were installed. Since 1937 all the limestone and most of the dolomite have been moved from the quarries to the primary crusher, from the primary to the secondary crusher, and from the secondary crusher to the rotary kilns in standard types of automobile dump trucks. Only the dolomite feed for the vertical kilns is sized and loaded by hand at the quarry, and this dolomite also is trucked. Crushed limestone and dolomite are stockpiled, the amount being controlled by impending needs.
Much of the siliceous material in the limestone is eliminated in the fines. Other impurities, such as dolomite in a run of limestone, are handpicked from the conveyor belts at the primary crusher and discarded on the fines dump at the quarry.
SIZES OF BOCK PRODUCED
Limestone from the primary crusher is screened to three sizes: (1) plus 3V2, minus 8 inches (sugar rock); (2) plus 34, minus 3V2 inches (spals feed for the secondary crusher); and (3) minus % inch (fines, always wasted from the primary crusher).
Limestone from the secondary crusher is screened to four sizes: (1) plus 3/4, minus l l /2 inches; (2) plus */4, minus 1 inch (rotary-kiln size); (3) plus 1A, minus 3A inch; and (4) minus VA, inch (fines).
Dolomite is hand-sized to plus 4, minus 12 inches (vertical-kiln feed) and also is'crushed to four sizes in the two crushers: (1) plus 1, minus iv-i inches; (2) plus V*, minus i l /2 inches (rotary-kiln feed); These figures show that the smallest tonnage on record since the present company acquired the property was produced in 1932 and, also, that production increased steadily from 1940 to the peak year 1943, the last year of record, when 107,583 tons of limestone and 10,472 tons of dolomite were quarried.
The average monthly production of limestone in 1943 for the peak months June through September was 18,000 tons, and for the slack months of January and February the average was 4,000 to 5,000 tons. In the same year the production of dolomite ranged from 600 to 3,000 tons per month.
PRODUCTS MANUFACTURED
The United States Lime Products Corp. manufactures 24 different products, ranging from dolomite in size plus 4, minus 12 inches, to calcined limestone or dolomite in size 200 mesh. A large proportion of the limestone is sold to the beet-sugar companies in southern California and is shipped in size plus 3, minus 8 inches. Some limestone is sold to foundries, steel companies, and other manufacturing concerns, and a. substantial tonnage goes to the rotary kilns for manufacture into various lime products. The dolomite is used principally for vertical-kiln feed at Sloan, but 6,000 to 7,000 tons per year is sold in size plus Vs, minus 3/4 inch, to the steel companies in southern California.
Products of five general types are manufactured from calcined limestone and dolomite: (1) lime flux, (2) high-calcium quicklime, (3) dolomitic quicklime, (4) hydrated high-calcium lime, and (5) 
